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WUHDWPHQW7KLV WUHDWPHQWFUHDWHGFRPSOH[PLFURDVSHULWLHVRI WLWDQLDZLWK UXWLOHDQGDQDWDVHFU\VWDO VWUXFWXUHV7KLV UHVXOWV LQ WKH
IRUPDWLRQ RI K\GUR[\DSDWLWH RQ VXUIDFHV LPPHUVHG LQ WLPHV FRQFHQWUDWHG VLPXODWHG ERG\ IOXLG IRU  GD\V ZKHUHDV QR








DQG WKH\ KDYH UHFHQWO\ EHFRPH D SRSXODU WUHDWPHQW IRU
PLVVLQJ WHHWK +RZHYHU LW WDNHV VHYHUDO PRQWKV RU
ORQJHU IRU IL[WXUHV WR DGKHUH WR DOYHRODU ERQHV 7KXV
VXUIDFHPRGLILFDWLRQ WHFKQLTXHV DUH UHTXLUHG WR VKRUWHQ
WKLVDGKHVLRQWLPH>@
6XUIDFHV WKDW SUHFLSLWDWH FDOFLXP SKRVSKDWH LQ WKH
ERG\ DUH NQRZQ DV ELRDFWLYH VXUIDFHV DQG WKH\ UDSLGO\
DQG VWURQJO\ DGKHUH WR ERQH 7KH ELRDFWLYLW\ RI D
PDWHULDO FDQEH HYDOXDWHGE\ LPPHUVLQJ LW LQ VLPXODWHG
ERG\ IOXLG 6%) DQG REVHUYLQJ WKH SUHFLSLWDWLRQ
EHKDYLRU RI K\GUR[\DSDWLWH >@ 7R LPSURYH ELRDFWLYLW\
RI7LLPSODQWVLWLVLPSRUWDQWWRJHQHUDWHPLFURDVSHULWLHV
DQG WLWDQLD ZKLFK KDYH UXWLOH DQG DQDWDVH FU\VWDO
VWUXFWXUHVRQWKHVXUIDFHVRIPDWHULDOV>±@7KHUHIRUH





HLWKHU LQGLYLGXDOO\ RU LQ FRPELQDWLRQ LW LV SRVVLEOH WR
LPSDUW ELRDFWLYLW\ >±@ :KLOH WKHVH WUHDWPHQWV
LPSURYHWKHVXUIDFHFKDUDFWHULVWLFV WKH\PDLQO\LQYROYH
WUHDWLQJ DQG ZHWWLQJ VSHFLPHQV LQ DFLGLF RU DONDOLQH
VROXWLRQV7RUHGXFHFRVWDQGLPSURYHGXUDELOLW\DQHZ
VXUIDFHPRGLILFDWLRQWHFKQLTXHLVUHTXLUHG
7KLV VWXG\ LQYHVWLJDWHV XVLQJ ODVHU SURFHVVLQJ DV D
VXUIDFH PRGLILFDWLRQ PHWKRG IRU JHQHUDWLQJ
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DGKHUH ZHOO WR ERQH &3 7L LV SUHIHUDEOH WR WLWDQLXP
DOOR\VVLQFHLWVHODVWLFPRGXOXVLVFORVHUWRWKDWRIKXPDQ




&3 7L -,6 FODVV  ZDV ZRUNHG LQWR GLVNVKDSHG
VSHFLPHQV GLDPHWHU  PP WKLFNQHVV  PP
$IWHU EHLQJ JURXQG ZLWK HPHU\ SDSHU WKH\ ZHUH
SROLVKHG ZLWK D 6L2 FROORLG VROXWLRQ 7KH\ ZHUH WKHQ
WUHDWHG E\ D QDQRVHFRQG 1G<92 ODVHU ZKRVH
SDUDPHWHUVDUHOLVWHGLQ7DEOH7KHODVHUSURGXFHGWKH
VWULSHG SDWWHUQ VKRZQ LQ )LJ  7KH ZLGWK RI WKH
SURFHVVLQJ OLQH ZDV VHOHFWHG VXFK WKDW WKHUH ZHUH QR
JDSVEHWZHHQOLQHVSURGXFHGE\ODVHUWUHDWPHQW
7KH ELRDFWLYLWLHV RI WKH VSHFLPHQ VXUIDFHV ZHUH
HYDOXDWHG E\ VRDNLQJ WKH VSHFLPHQV LQ  6%) D
VROXWLRQZLWKDQLRQFRQFHQWUDWLRQWLPHVKLJKHUWKDQ
WKDWRIFRQYHQWLRQDO6%)>@IRUGD\VDW&)LJ


























E\ VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 DQG DQDO\]HG
E\;UD\GLIIUDFWLRQ;5'
5HVXOWVDQGGLVFXVVLRQV
6(0 REVHUYDWLRQV RI VSHFLPHQV EHIRUH DQG DIWHU
VRDNLQJLQ6%)
)LJ  VKRZV WKH UHVXOWV RI 6(0REVHUYDWLRQV 6(0
LPDJHVRIVSHFLPHQVEHIRUHVRDNLQJLQ6%)LQGLFDWHWKDW
WKHLU VXUIDFHV ZHUH FRPSOHWHO\ FRYHUHG E\ OLQHV
SURGXFHGE\WKHODVHU,QDGGLWLRQHYDSRUDWLRQJHQHUDWHG
PLFURDVSHULWLHV RQ WKH VXUIDFH IRU WKH '3 DQG'3
VHH 7DEOH  ODVHU WUHDWPHQWV ZKHUHDV WKH\ ZHUH QRW
SURGXFHGE\ WKH'3 ODVHU WUHDWPHQW7KH UHDVRQZK\
PLFURDVSHULWLHV ZHUH QRW REVHUYHG RQ WKH VXUIDFHV
WUHDWHGE\'3ODVHUWUHDWPHQWLVFRQVLGHUHGWREHWKDW
WKHKHDWGHQVLW\JHQHUDWHGZDVWRRORZWRHYDSRUDWHWKH
PDWHULDO VLQFH LW HPSOR\V D ODUJH GHIRFXV ,Q FRQWUDVW
VLQFH ODVHU WUHDWPHQW OLQHV ZHUH REVHUYHG IRU WKH'3
WUHDWPHQW VHH )LJ  DQ R[LGH OD\HU LV FRQVLGHUHG WR
KDYHIRUPHGRQWKHVXUIDFH
0RUH FRPSOH[ PLFURDVSHULWLHV ZHUH REVHUYHG DIWHU
WKH'3WUHDWPHQW WKDQDIWHU WKH'3WUHDWPHQW7KLV
PD\ EH EHFDXVH WKH VXUIDFHV ZHUH KHDWHG IRU D ORQJHU
WLPH LQ WKH '3 WUHDWPHQW VLQFH LW HPSOR\HG D ZLGHU
VSRW VL]H &RQVHTXHQWO\ WKH '3 WUHDWPHQW FUHDWHG D
WKLFNHUR[LGHOD\HUDQGPRUHFRPSOH[PLFURDVSHULWLHV$
WKLFN R[LGH OD\HU DQG FRPSOH[ PLFURDVSHULWLHV DUH
WKRXJKWWRLPSDUWDKLJKELRDFWLYLW\>±@KHQFH'3
WUHDWPHQW LV SUHGLFWHG WR JLYH D KLJKHU ELRDFWLYLW\ WKDQ
WKHRWKHUWZRWUHDWPHQWV
)LJVKRZVWKDWWKHSUHFLSLWDWHZKLFKDSSHDUVWREH
K\GUR[\DSDWLWH ZDV REVHUYHG IRU DOO WUHDWPHQWV H[SHFW
SROLVKLQJ &UDFNV LQ WKH SUHFLSLWDWHV DUH DVVXPHG WR EH
IRUPHG GXULQJ HYDFXDWLRQ IRU WKH 6(0 REVHUYDWLRQV
$OWKRXJK WKHUH DUH QR PLFURDVSHULWLHV RQ WKH VXUIDFH
SUHFLSLWDWHVZHUHDOVRREVHUYHGIRUVXUIDFHVVXEMHFWHGWR
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FUDFNV IRUPHG GXULQJ HYDFXDWLRQ )RU WKH RWKHU
WUHDWPHQWV HYHQ WKRXJK FUDFNV ZHUH REVHUYHG RQ
VXUIDFHVWKHSUHFLSLWDWHGLGQRWGHWDFK
0RUHRYHU VRDNLQJ VXUIDFHV WKDW KDGEHHQ WUHDWHGE\
'3 ZKLFK SURGXFHG ERWK PLFURDVSHULWLHV DQG DQ
R[LGH OD\HU LQ 6%) IRU  GD\V SURGXFHG ODUJHU
K\GUR[\DSDWLWH SUHFLSLWDWHV WKDQ WKH RWKHU WUHDWPHQWV
7KHSUHVHQFHRIPLFURDVSHULWLHVLVFRQVLGHUHGWRSUHYHQW
GHWDFKPHQW RI WKH K\GUR[\DSDWLWH OD\HU WKHUHE\
SURPRWLQJDGKHVLRQWRERQH
%DVHG RQ WKH DERYH UHVXOWV ZH FRQMHFWXUH WKDW DQ
R[LGH OD\HU LV UHTXLUHG IRUK\GUR[\DSDWLWH WRSUHFLSLWDWH
RQWKHVXUIDFHDQGWKDWPLFURDVSHULWLHVDUHQHFHVVDU\IRU
UHWDLQLQJWKHSUHFLSLWDWHGK\GUR[\DSDWLWHRQWKHVXUIDFH
7KHUHIRUH ERWK DQ R[LGH OD\HU DQG PLFURVWUXFWXUHV DUH





)LJ  VKRZV WKH ;5' UHVXOWV IRU WKH YDULRXV
WUHDWPHQWVEHIRUH VRDNLQJ6%) ,W VKRZV WKDW WKH'3




DQG DQ R[LGH OD\HU WKH '3 WUHDWPHQW SURGXFHG DQ
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WKH '3 WUHDWPHQW HYHQ WKRXJK WKH ODVHU HQHUJ\
GHQVLW\ ZDV WRR ORZ WR HYDSRUDWH WKH PDWHULDO LW
SURGXFHG WLWDQLD WKH ;5' SHDNV RI DQDWDVH DUH
SDUWLFXODUO\ VWURQJ 7KLV FOHDUO\ LQGLFDWHV WKDW XVLQJ D
ODUJHGHIRFXVLQFUHDVHVWKHKHDWLQJWLPHUHTXLUHGWRIRUP
DQR[LGHOD\HU
)LJ  VKRZV WKDW DIWHU VRDNLQJ LQ 6%) DOO WKH
VSHFLPHQV H[FHSW WKH FRQYHQWLRQDOO\ SROLVKHG RQH
H[KLELW;5'SHDNVRIK\GUR[\DSDWLWH7KLVLQGLFDWHVWKDW
WKH SUHFLSLWDWH LQ )LJ  LV K\GUR[\DSDWLWH ZKLFK LV D
PDMRUFRPSRQHQWRIERQH
7KH'3DQG'3WUHDWPHQWVSURGXFHG;5'SHDNV
RI WLWDQLXP ZKLFK LV WKH EDVH PDWHULDO RI WKHVH
WUHDWPHQWV 7KH SUHFLSLWDWHG K\GUR[\DSDWLWH OD\HUV
SURGXFHG E\ WKHVH WZR WUHDWPHQWV DUH WKLQQHU WKDQ WKDW
SURGXFHG E\ WKH '3 WUHDWPHQW $V SUHYLRXVO\
H[SODLQHG WKH '3 WUHDWPHQW SURGXFHG RQO\
PLFURDVSHULWLHV ZKHUHDV WKH '3 WUHDWPHQW SURGXFHG





/DVHU WUHDWPHQW JHQHUDWHG DQ R[LGH OD\HU DQG
PLFURDVSHULWLHVRQ&37LVXUIDFHVZKLFKLPSURYHGWKHLU




WKDW GLG QRW SURGXFH PLFURDVSHULWLHV KDG D ORZHU
DGKHVLRQ WKDQ WKDW SURGXFHGE\ ODVHU WUHDWPHQW WKDW GLG
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OD\HU DQG PLFURDVSHULWLHV SUHFLSLWDWHG WKLFN DQG VWDEOH




7KHDXWKRUVZRXOG OLNH WR WKDQN0HJDRSWR&R/WG
DQG 'U 6:DGD OHDGHU RI WKH 5,.(12SWLFDO *UHHQ






1&OLQLFDO6WDWLVWLFV RI WKH2UDO ,PSODQW&HQWHU ,ZDWH0HGLFDO





2KWVXNL & ,QGXFHG GHSRVLWLRQ RI ERQHOLNH K\GUR[\DSDWLWH RQ
WKHUPDOO\ R[LGL]HG WLWDQLXP VXEVWUDWHV XVLQJ D VSDWLDO JDS LQ D
VROXWLRQ WKDW PLPLFV D ERG\ IOXLG - &HUDP 6RF -SQ 

>@ +DL[LRQJ7<DSLQJ*'HFKDQJ-<X=+LJKERQHOLNHDSDWLWH







































VXUIDFH PRGLILHG E\ K\GURWKHUPDO WUHDWPHQW DQG XOWUDYLROHW
LUUDGLDWLRQ-0DWHU5HV
>@ =KDR < ;LRQJ 7 +XDQJ : (IIHFW RI KHDW WUHDWPHQW RQ
ELRDFWLYLW\ RI DQRGLF WLWDQLD ILOPV $SSO 6XUI 6FL 

>@ :X -0 +D\DNDZD 6 7VXUX . 2VDND $ /RZ7HPSHUDWXUH
3UHSDUDWLRQRI$QDWDVHDQG5XWLOH/D\HUVRQ7LWDQLXP6XEVWUDWHV
DQG7KHLU$ELOLW\7R ,QGXFH LQ9LWUR$SDWLWH'HSRVLWLRQ -$P
&HUDP6RF
>@ 1DJDVKLPD<.LGR+<DPDPRWR.8FKLPXUD72NDPDWVX.
<DPDVDNL + 0RULWD00DWVXXUD0 &OLQLFDO ,QYHVWLJDWLRQ RI
5HPRYHG,PSODQWV3ODFHGLQRXU,QVWLWXWLRQ-)XNXRND'HQW&ROO
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